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ently, solid lubrcants such as molybdenum disulfide.
SYNTHETIC LUBRICA1 -NG OIL GREASES graphite and alike are primarily used as lubricating

CONTAINING METAL CHELATES OF SCHIFF additives at elevated temperatures under extreme loads.
BASES However, these dry lubricants while improving the

5 load and extreme pressure qualities of the lubricant do
STATEMENT OF GOVERNMENT INTEREST not have any intrinsic corrosion-inhibiting characteris-
The invention described herein may be manufactured tics. As indicated herein, molybenum disulfide hydro-

and used by or for the Government of the United States lyzes to form acidic components which readily attack
of America for governmental purposes without the the metal causing corrosion. Similarly, graphite is an
payment of any royalties thereon or therefor. t0 electro-chemnically noble material and is therefore

known to form galvanic cells with bearing metals in the
BACKGROUND OF THE INVL'lTION presence of moisture or any ionic medium causing or-

Naval aircraft and related equipment operate in an rosion. Other known- compounds such as chromates,
environment which is unique in that the load cr'-ying sulfonates, molybdates. nitrites and alike are known to
surfaces such as bearings, splines, gears and a!.,e in 15 inhibit corrosion only under certain conditions. More-
addition to experiencing wear under normsl operating o, while some of the - compounds imr -ove the cor-
conditions, must also function in a highly corrosive rc n protection of a -articular lubrica: these aame
environment. This requirement places substantial bur- cc -uunds do not, hoA zver, improve the ear charac-
den on the lubricating additives that must function as a ter;-:ics of the lubricant under extreme preasure and at
corrosion inhibitor and as an extreme pressure agent 20 higher temperatures.
under severe environmental conditions and at times at
relatively high temperatures. Problems relating to cor- SUMMARY OF THE INVENTION
rosion and wear have in the past been treated as sepa- This invention relates to a synthetic lubricating oi;
rate problems whereas in reality corrosion and wear grease having improved corrosion resisNuice and anti-
resistance are primarily surface sensitive requirements. 25 wear properties. More specifically, the invention relates
Accordingly, there is substantial interest in lubricating to the addition of effective amounts of a Schiff-base
additives which exhibit corrosion resistance and at the compound derived from the reaction of at least one
same time improve the wear resistance under extreme aldehyde and a polyarnine to synthietic lubricating oil
environmental and operating conditions.

Presently, there is no single lubricating additive 30 greases to improve the orrosion resistar. e and anti-
which functions both as an isati-wear (lubricating agent) cctristics.
and a corrosion-inhibiting additive. Some of the known Accordingly, it is an obmect of this invention to pro-
lubricants including the solid lubricants such as molyb- vide a method of improving the corrosion resistance
denum disulfide is known to hydrolyse forming acidic and anti-wear properties of lubricating oil greases de-
components which readily attack metal causing corro- 35 rived from synthetic o7.s. It is another object of this
sion. Similarly graphite, although known as a dry lubri- inventien to provide nc-'el lubricating oil 3reases capa-
cant, is capable of forming a galvanic cell with bearing ble of functioning at high temperatures ar.d under ex-
metals and acts as a cathode thereby resulting in corro- treme pressures. It is still a further object of this inven-
tion. The lubricating additives of this invention, how- tion to provide a method of preparing lubricating oil
ever, were found not only to inhibit corrosion but also 40 greases having improved corrosion resistance and anti-
to have the unique capability of pct-forming as an anti- wear properties.
wear agent in various grease compositions. The addi- IN THE DRAWINGS
lives of this invention are very useful for military pur-
poses, and can be used in lubricants in high performance FIG. I is a bar graph showing the improvemen of the
engines and particularly for aircraft which have-sophis- 45 Schiff base in a grease with respect to the life of the
ticated bearings, gears and other working parts. Thew bearings.
engines are required to perform at substantially higher FIG. 2 is a plot of the current density and potential
loads and speeds, and at higher temperatures thereby vs. SCE., Volt which shows the effect of Schiff base,
reducing the life of the lubricants, dissolved in DMF and dispersed in 1% NaCI solution.

A substantial increase in the life of a bearing by im- 50 on electrochemical polarization behavior of steel.
proving the lubricant, for example, will not only reduce DETAILED DESCRIPTION OF THE
the high maintenance cost due to down time, which is D IE ES TiON
critical in both commercial and military aviation, but is INVENTION
useful also in the auto industry which is continually It was found, in accordance with this invention, that
trying to improve petroleum products, particularly for 55 Schiff bases possess the unique characteristic of improv-
its super-charged engines which require hihger operat- ing both anti-wear and corrosion inhibition properties
ing temperatures and increased loads. These high tern- of a lubricant The Schiff base compounds are derived
peratures and loads require the bearings, for example, to from the reaction or condesation of organic carbonyl
operate under substantially more demanding conditions. compounds ie. aldehydes and ketones with polyamines.
Therefore, it was unexpected to find substantial im.- 6 The term Schiff base includes all the reaction products
provement by using the Schiff base compounds of this derived from an aldehyde and a polyariine and the
invention as additives in greases in machinery abuard metal chelates of said products such as the copper cde-
ship, submarines and particularly in the aircraft indus- ates, etc. The preferred products are derived from the
try. reaction of an aromatic aldehyde such 2s salicylalde-

More specifwially, studies have shown that there is a 65 hyde and a diamnine such as benzidine This particular
unique relationship between wear and corrosion and reaction product is cha-racterized as a b',- salicylalde-
that the enhancement of passivity or build-up of corro- hyde having a melting point at about 2c4" C. These
sion resistance also significantly reduces wear. Pres- reaction products can b,- added to a vLrici of lubricants
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and particularly lubricating oil greases in amounts rang- subjected to thermal and oxidative stability test to deter-
ing up to about five percent (5%) by weirtht of the total mine the corrosion and wear resistant properties.
composition. Lubricants containing the Schiff basesTAL I
have been found to have a longer life and improvedTAL
corrosion protection in comparison to the same lubri- 5 "Thermally Stable" Compounds
cants without the Schiff' base products. For example, Ceia tcito
the addition of five percent by weight of the product ~ Dsnto
(Schiff-base) obtained from the reaction of salicylailde- I. Schiff base derived from salicylaldehyde and ethyl.
hyde and benzidine to a oil grease derived from a per- enediamnme -
fluoroalkylpolyether provided an eight fold increase in to 2. Schiff base derived from salicylaldehyde and benzi-
bearing performance as compared to the same grease dine
without the Schiff base product.- 3. Schiff hase derived from salicylaldehyde and 1,3-

The greases were tested, in accordance with ASTM phenylenediasmine
Standard Method D-33/37 entitled -Evaluation of 4. Cu (11) chelate of bissaicylaildehyde-ethylenediamtine
Greases in Small Bearings". As shown in FIG. 1. this 15 * Cu (11) chelate of bissailicylaildehyde-1,3.-phenylene
particular test was carried out under an R-4 size stan- dianiinc
less steel bearings at 2.2 radial load, 22 axiWi load, is; 6. Phthalocyanine
12,000 rpm and at 204* C. The data in FIG. 1 shows that 7. Copper (11) pbthalocyanine
the addition of the Schiff base to the grease substantially 8. Mesocetrphenyl porphyrin
improves the life of the bearings. Moreover, the electro- 20
chemical polarization curves as shown in FIG. 2. gnr- The UMs compounds wtere exposied in a box furniance
ated under controlled laboratory conditions, indicates to Slowly flowing air at a temperature Of 200 C. for
that less than 0.00 1 mole of the Schiff base compound in varying periods of time, iLe.. ranging from about 16 to
1% sodium chloride solution protected a 10110 steel by 1000 hours. Ile compounds which did not suffer appre.
decreasing the anodic and cathodic currents by at least 25 ciable weight lOss, iLe- greater than 30 percent dwing
three orders of magnituted. This translates into lower- th inta 16 hour test period were continued to be
ing the corrosion rates by the same order of magnitude. heated in the furnace for a tota of 48, 250 and up to

T'his invention is directed specifically to Scluff bas 1000 hours As a result of the thermal oxidation test.
compounds as corrosion and wear-resistant additives these Were the only compounds found to be thermally
for lubricating compositions i.e. synthetic lubricating oil 30 and oxidatively stable L~e- upon heating at 200* C, for
greases useful at high temperatures, Let., ranging up to 1000 hours. The compounds were tested in primarily
230' C. It was found that the planner structure and two types of oils identified as polydimethoxy ailoxane
quadridentate meta!.binding characteristics of these poYlymer and K'ytox CPC Oil (homopolymer of hess-
compounds are similar to those of the macrocyclic coin- fisuoroethylene epoxide). These oilb are thermally sta-
pounds such as the phthalocyanines and porphyrins. 3, ble at 200* C. Generally, the lubricating compositions
Lubricating compositions containing effective arnounts were prepared by blending ef'-ctive amounts of the
of the Schiff base compounds were tested for their cor. comtpounids With the base oils pre-heated to 150' C. The
rosion inhibition and wear resistance using an especially lubricating greases tested are set forth in Table I1.

TABLE 11
Lubiieant Formuhaiom

DOW.C-rrlnS.Palyuk==m buftmi Perlumt
vaccitz of the towoil Oil

Examiples 1AI e~s 106000 eSt 30.1(1 Cs 1600 C
I- Dbisaalieyldeliyde S.~4)(16-20 (14A) 5-4iM7-2* (148) S4006187-2' (I SA) 3,4:66117-2 (17A)

Ethylenedianme
2. Cu Chelate of (1) S.(DM87.2* (14C) UXIOW872* (140) S.Cu66g72-2 (I131) S.-l(ea7.2$ (17B)
3. Sisuaicylaldhyde S40UP-72* (16C) 5. 68U7.2' (1 SF) S.-e7-2' (17,-)

1.31-Phanyleenediaame
4.* CU Chelaicof((3) :;-447-21(16D) $4u6g7.2' (I SC) S0061137-21 (17D)
S. Thibalccyania. S.4M6a7.21 (14E) 5-Cst87.2* (14n) S.CD667.2- ( iSC) S.4u7.2' (I17E)
6. Cu (111) Plithalacyammi- S.4)87-2* 0 &A) S4M6Wa72* (I 50) 34MW7-2i* (1F
7. uiao.TetraPbenyl - S.CM$7-2* (169) S-46657-2* 05E) S-006687-2* (17C)

F-phri
NOTE.
Efch Of OWth A420 1101"c Ai.". Cameta Of I 0 W/w) d~e~.Of &We CainMiOs a the bý eil -. pl, w.cAicasmwd the
&ftk omam

A high-speed bearing test was designed and fabri-
designed high speed bearing test unit. cated for evaluating high temperature lubricants in a

While a large variety of synthetic oils including the dynamic environment. The fabricated machine was
polyethers. polyesthers, siliounes, siloxanes iLe. "ilcone 60 designed to test greases under a high stress (50 lb. thrust
esters and fluorinated esthers, etc. have been investi- load, 25 lb. radial load, high speed at 10000 rpm, high
gated with various solid lubricants e.g. molybdenum temperatures at 200* C.). These conditions allow a more
disulfide, graphites. etc.. a critical review of these lubri- real evaluation of the benefits of the lubricating addi-
cants at high temperatures has indiae that lite re- tives.
search has been conducted With the Schiff bases in high 65 The wear-test Procedure includes mixing the Schiff
temperature greases. base product with 5 mil's of lubncsnt, loading the lubri-

For comparison purposes, the compounds set forth in cant into the block and couplin,< assembly and installed
Table I were selected for the test. The compounds were in the high speed bearing test. rhe system assembly is
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completed, extensometers zeroed, chart recorder TABLE IV
turned on and the clock rezeroed. The motors turned on

followed by heating the block. The system is allowed to AA r TPests . Lie,5H0urI)

operate in this mode for about 30 minutes to allow the OW, F Unt No. % InHr as

unit to come to equilibrium. The bearing it then loaded 5 Sample I 2 A iý. In Life
with 25 lbs. thrust load and 25 lbM. radial load. The 24 321 -

current meter is set to a value of 5 amps above steady KrytOX + 5% NO 444 372 16

state current after a sample is loaded. The test is consid. Bisaiicytaliehyde

ered complete when the unit shuts down either because 10 _ _hy_ _ _ __ne _ _ _

of current draw or by the vibration switch. At the com-

pletion of the test, the test time is rt..orded and the TABLE V
bearing removed from the machine. The bearing i TBLWEA

examined for signs of wear. Thi bearing is sectoned FOUR BALL WEAR TEST

and removed for the eight balls for micromet" Y_ aaly- gS WEAR SCAR

sis. The bearings for micrometric analysis are cleaned , DIAMETER XItXCTION
with acetone followed by soap and water to remove any SAMPLE (00) IN WEAR

surface deposits. The bearing diameters are measured. Growe

recorded and observed for their surface quality. 1ryO 1.57 -

A total of 29 tests were carried out in the high speed 20( +5%D kasiylaldehyde Lie +25

bearing tester. The data generated from the test is pres- . ol Oil/10rs•al~s okfa, otl/ i.03 -

ented in Table il1. cloy Thicsed Grews

TABLE MI +3% aeys hyde Ms +21

Data From High Speed (10,00 rpm) 25 ,moTE
Hilhs Tmpewturt (200" CK Beusl Tezma ()_ r * t d - s Dft. CAL

Beartall Tet Tsas.

No. Grease Tested 011 The lubricating oil greaae additives are prepared by

M(2) Dry (No Lod) 1.3 reacting a polyamine such as an aryl polyamine or an
2(2) MIL.C-10924E with addi•i alkylene polyamin e.g. benzidine or ethylene diamine7
3(2) MIL.C-I0924E with additives 4.1 

e n

4 '2) MIL-C-10924E with ddive (o 6 respectively with tUe carbonyl group of an aliphatic or

10 MIL,-CI-g24E wi ad6i)Ve aromatic aldehyde t3 faoM Schiff base derivatives. GCen-
it D" 2 erally, the polyamL-.s are reacted with the aldehydes at
12 Type.w 32 approximately stochiomeiric amounts I.e. at a mol.
14 Type-X 6 35 ratio of about 0.5 mol. of the diamine for each carbonyl
ti T Y p e .Y 6 .3

16 Type-AA 6 group of the aldeh:tde or about 1.0 chemical equivalent

17 Typ--w 14.95 of the diamine for each chemical equivalent of carbonyl

is Typc-X 63 group of the aidehyde. These reactions generally take
19 Type-Y 17.7 place at temperatures ranging from about 140" to 350'
20 Type-AA Ws 40 F. or at a more narrow range from about I 80" to 225" F.
21 Type-W 17.6
22 Type-X 5.9 The reaction time will depend to some extent upon the

23 Type-Y 14.2 reaction temperature. The degree of reaction can be
24 Typt-AA 34&8 determined by measuring the amount of water split-off
30 MIL.C,!0924E with additiv 4 during the reaction. In this regard, it is advisable to
32 MIL.-a10924E with additives 324 45 employ a water entraining solvent such as hcptane or
33 Type-Z 33t5
35 Type-Z 311 toluene, etc. to remove the water as it is formed during

36 Type-W modified the reaction as an aneotrope. The total reaction time, to
: obtain the Schiff base_ may range anywhere from I to 15

(2) J •. .... mo t .a *..--•- waha sI'.. hours and more likely from 3 to 10 hours deptnding on
(3) Tow Ooppedl befi omk Fia Ie
T,,,,- •sabcdm", + - koemi cc 50 the particular reaction conditions and particularly on

Ty-wt - -r. h o + * tt & i Ao • the temperature of the reaction.
oil Generally, compounds derived from the reaction of

T•-V -- _ I *tof Ibtbaý •i relywomar *a aldehydes a"d polyamines are identified as Schiff bases

Typ,-AA - - "m,,• or-pY m Foa, ,a -d having the formula:
TypW.wo.W-oi - 3% S.6cyevly.l~ - j*tia) minpd --.. d 55
.ish UIL.C-30M2E -kod widmos.Ri

As shown by the data in Table UL the lubricant for- R- ArmC-N(CHXH-NH),H

mulatiom ie. grease composition including Schiff base

compounds and their metal chelates i.e.- copper and 60 wherein R is selected from the group consisting of by-
zinc chelates were found to exhibit highly satisfactory drogen and alipl ,tic hydrocarbon components having
corrosion protecton and wear resistance (lubr.city) at from about 4 to 24 carbon atoms: Ar is an aromatic
temperatures as high as 200* C. These results compare group derived from an aromatic hydrocarbon of the

very favorably with commercial hlbricants, group consisting of benzene or naplthalene; RI is se-

The data in Tables IV and V. show that 5% of the 65 lected from the group consisting of hydrogen, alkyl

Schiff base (Example I in Table II) substantiilly ira- components of 1 to 12 carbon aterns, aralkyl compo-

proves the reduction in wear and increasest the life of nents of 4 to 12 c ,rbon atoms and alkylene components

the bearing&. of 4 to 18 carbo.- atoms; R2 is ael-ctcd from the group
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consisting of hydrogen and alkyl groups having I to 6 hydrocarbons. the polysilicones. the siloxanes e.g. sili-
carbon atoms and X is a number rankbing from I to 12. cone esters, the polyglycols. glycol esters, and complex

Tle alkylene polyamines or aliphatic polysmines esters derived from dibasic acids such as sebaic acid and
useful for preparing the Schiff base reaction comipounds polyglycols. ThCL Schiff base reaction products, which
may be characterized as amino compounds containiing 5 generally are not soluble in these synthetic Oils. are
from about 2 to 12 nitrogen atoms wherein pairs of the added to the synthetic lubricating oil greases in amounts
nitrogen atoms are joined by an alkyl or alkylene groups ranging from about 0.01 to about 5.0% and preferably in
having from 2 to 4 carbon atoms. In addition, mixtures amounts from about 0. 1 to about 3.0% by weight of the
of the alkylene polyamines and alkyl amine may he grease.
used in preparing the Schiff base reaction products. 10 It is obvious that there are other variations and modi-
Some of the preferred polyamines include diethylene ficatlons which can be made with respect to this inven-
triamine, tetraethylene pentamine, dibutylee utruiine. tiont without departing from the spirit and scope of the
dipropylene triamine, ttaspropylene pentamine and invention as particularly set lbrth in the appendant
various other ahliphtic polyamines such as the amino cl.1ams
alkyl-piperaxine -including aminoethyl piperaxine. I We claim:
amnokisopropyl piperazine. etc. Other alkyl amino com- 1. A synthetic lubrictting oil grease having improved
pounds include the dialkylamino alikylasmines, dimethyl- corosion-resistance a.,A anti-wear propertieuý ;ompria-

amn methyl amine- dimethylamino propyl amine. ing i major amount oi isynthetic lubricating I. grease
methylpropyl aminoamyl amine, etc. The AlkYl Or alkyl- and about M011 to 5.0 pc-cent by weight of saiw .-CaM of
ene mines may be characterize by the formula: 20 a zinc or coppe cbelate of a Schiff baut derived from

the condensation of approximately stoichiometic
RZ amounnts of at least one aromatic aldehyde and a poly-

H2N-RI-Namine.
H2 N-RI-N\I The synthetic lubricating oil gream of :ladm 1

R3 25 wherein the grease is a polysilozane grease and the
cheisate of the Schiff base is a copper chelate.

wherein R1 is an alkyl or alkylene radical such as ethyl & The synthetic lubricating oil grease of claim 1
or ethylene. propyl or propylene, butyll or butylene. etc. wherein the chelate of the Schiff base is a zinc chelate.
and R2 and R3 are alkyl radficals having I to 8 carbon 4. The synthetic lubricating oil grease of claim 2
atorms. 130 wherein the aldehyde is an aromatic aldehyd-, and the

The organic carbonyl compoun.d ie. aldehydes may polyamine is an aromatic diamine.
,be I saturated or unsaturated aldehyde. The following &. The synthetic lubricating QUl grease of claim 2
are representative examples which includes the ali- wherein the grease is a fluotin-tted oil grease and the
phatic aldehydes, such as acertaldehyde. propionalde- aromatic aldehyde is salicylaldehyde and the polyamine
hyde, butyraldehydle. caproaldehyde, acrolein, Croton 35 is othylenediamine.
aldehyde, ethyl butyraldehyde, ethryl propylaldehyde, 6.A method of improving the corrosion resistane
heptaldehyde, etc. The aromatic aldehydes include and anti-wear properties of synthetic lubricating oil
benzaldihyde, salicylaldehyde, naphthadehyde, phe- reuase which comprises adding to said greases from
nylacetaldehyde, laurylbenziadehyde, etc. .about 0.1 to 3.0 percent by weight of said grease of a

The lubricating oil gremass to which the Schiff base 40 zinc or copper chelate of a Schiff base derived the Con-
products are added, as corrosiom-jahibitors and anti- densation of approximately stoichiometic amounts of at
wear agents, are known synthetic lubricating oil least one aromatic aldehyde and a polyamnine.

----greases-These greases, are prepared by-thickening the - -7. The method of claim 6 wherein the aldehyde is an
oil with well known materials such as sillica, ge etc. or aromatic aldehyde and the polyamine is an aromnatic
an organic thckener or gelling agent. The Synthetic Oils 45 dlamine.
used to prepare the greases in accordance with prior art S. The method of claim 6 wherein the metal chelate is
methods include the synthetic lhebicating oils such as a copper chelate derived from saicylaldehyde And ethf-
the dibasic acid esters e~g. di- 2-ethyll hexyl sebacate, the ylenediamlne.
carbonate esters the phosphate ~ers the halogenated ****
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